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CLINICAL INVESTIGATION
Transmission electron microscopy of urinary sediment in
human acute renal failure
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Transmission electron microscopy of urinary sediment in human acute
renal failure. Urinary sediments from 31 patients with acute tubular
necrosis (ATN) were studied using transmission electron microscopy
(TEM). Variable quantities of renal tubule cells (RTCs), characterized
by abundant cytoplasmic organelles, were a consistent finding in these
sediments. TEM analyses of well-preserved RTCs permitted identifica-
tion of their nephron segment(s) of origin. On the basis of the severity
of ultrastructural changes observed, the sediments were divided into
three types. Type I (N = 11) and II (N 8) consisted of homogenous
populations of severely and mildly affected RTCs, respectively, while
Type III (N = 12) sediments were composed of a heterogenous
population of variably affected cells. A correlation was found between
the sediment type and the severity of the clinical illness. Of the 11
patients with Type I sediments, only two survived and they required
chronic dialysis support. In contrast, seven of eight patients exhibiting
Type II sediments survived, with only one requiring temporary dialysis
therapy. Patients with Type III sediments had an intermediate course,
with six of seven survivors regaining sufficient renal function to remain
off dialysis over a 3-month period of observation. Our study suggests
that TEM of urinary sediment can provide a useful non-invasive means
of studying patients with ATN.
Microscopie électronique a transmission du sediment urinaire au cours
de l'insuffisance renale aiguë humaine. Les sediments urinaires de 31
malades atteints de nécrose tubulaire aigue (ATN) ont été étudiés en
microscopie electronique a transmission (TEM). Des quantités vari-
ables de cellules tubulaires rénales (RTC), caractérisées par des
organelles cytoplasmiques abondants étaient une observation constante
dans ces sediments. Les analyses TEM de RTC bien conservées ont
permis l'identification de leur(s) segment(s) nephronique(s) d'origine.
Sur La base de la sévéritC des modifications ultra-structurales observées,
les sediments ont été divisés en trois types. Les types I (N = 11) et II
(N = 8) étaient composes de population homogénes de RTC affectees
respectivement sévérement ou modCrCment, tandis que les sediments
du type III (N = 12) étaient composes d'une population héterogène de
cellules diversement affectées. Une correlation a été trouvée entre le
type de sediment et la severite de Ia maladie clinique. Des 11 malades
ayant des sediments de type I, deux seulement ont survécu et ils ont
nécessité l'assistance de Ia dialyse chronique. A l'opposé, sept des huit
malades présentant des sediments de type II ont survécu, dont un
seulement a nécessité une dialyse temporaire. Les malades ayant des
sediments de type III ont eu une evolution intermCdiaire, avec six
survivants sur sept rCcupCrant une fonction rénale suffisante pour se
passer de dialyse après une periode d'observation de 3 mois. Notre
étude suggère que Ia TEM du sediment urinaire peut constituer un
moyen utile non invasif d'étude des malades atteints d'ATN.
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In acute tubular necrosis (ATN), epithelial cells derived from
the urinary tract are detected commonly in the urinary sediment
by conventional light microscopy (LM). The limited resolution
of the light microscope does not, however, permit absolute
identification of the types of epithelial cells seen, nor does it
show the degree of damage incurred by these cells [1]. We
initiated transmission electron microscopy (TEM) studies of the
epithelial cells found in urine sediments obtained from patients
with ATN to determine whether any structural abnormalities
were present that could be related to clinical features of the
underlying disease.
The specific aims of this study were: 1) to determine whether
renal tubule cells (RTCs) can be identified unequivocally in
urinary sediment by TEM analysis; 2) to determine whether
morphologic charcteristics of sediment-derived RTCs permit
recognition of the nephron segments from which the cells
originated; and 3) to assess the relationship between ultrastruc-
tural alterations of urinary RTCs and the severity of the
underlying renal disease.
Methods
Patients. Urine specimens from 58 subjects were submitted
for TEM analysis. Thirty-one of these subjects had acute renal
failure (ARF) secondary to ATN and were evaluated during an
18—month period ending July, 1984. These patients were con-
sidered to have ATN on the basis of the following clinical
criteria: 1) abrupt decline in renal function (increase in serum
creatinine concentration  0.5 mg/dl/day) in the setting of a
known ischemic or nephrotoxic insult; 2) progression of
azotemia after correction of any recognized hemodynamic
derangements; 3) absence of pyelocaliectasis by ultrasonogra-
phy; 4) fractional excretion of sodium  2%; and 5) presence of
numerous epithelial cells ( 1 per HPF) in the urinary sediment
by LM analysis.
For comparison, urine sediments containing few or no epi-
thelial cells by LM analysis were obtained for TEM evaluation
from 10 normal subjects and 17 patients with diagnoses other
than ATN. These 17 patients included nine with chronic renal
failure, six with prerenal azotemia, and two with acute glomeru-
lonephritis.
Each patient with ATN was followed for at least 3 months
after the onset of ARF to assess both the functional severity of
the acute renal illness and the final clinical outcome. The
functional severity was evaluated by the volume of urine output
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Fig. 1. A low-magnification light microscopy view of a thick section
(0.5 ji.)from the urinary sediment of patient #1 who had atheroembolic
disorder and focal cortical infarct. This photograph shows numerous
cells with nuclei-like clear halos and necrotic material (toluidine blue
x60).
in the early phase of renal injury (patients with outputs > 400
ml/24—hr period, whether spontaneously produced or diuretic
induced, were considered to have nonoliguric ATN), and the
need for dialytic intervention. Patients who died within 48 hr of
the onset of renal failure and who were not already on dialysis
were excluded from this analysis. Clinical outcome was as-
sessed by recovery of renal function and patient survival.
Patients who regained greater than 50% of previously lost renal
function, as assessed by serum creatinine levels, were consid-
ered to have recovered renal function. Patients who died within
14 days of the onset of ARF with no evidence for restoration of
renal function were considered to have not recovered renal function.
Patients who lived for at least 2 months following the onset of ARF
were considered to have survived their acute renal illness.
Collection and processing of urine samples. Initial urine
samples were obtained directly from Foley catheters in all
patients with oliguric ARF. Spontaneously voided urine sam-
ples were collected from all other subjects. A second urine
sample was obtained in the recovery phase from seven patients
with ATN. Urine samples were centrifuged immediately at
3,000 RPM in a table top centrifuge for at least 15 mm. Sufficient
amounts of sediment for TEM examination were not recovered
uniformly from urine samples derived from either normal sub-
jects or polyuric patients. In these instances, large volumes of
urine and repeated centrifugation were required for satisfactory
pellet formation.
After centrifugation, the supernatant was pipetted out, leav-
ing the sediment undisturbed. A fixative consisting of 4%
glutaraldehyde in phosphate buffer (pH 7.4) and 10% formalin
(7:3) was poured gently over the sediment through a pipette.
The glutaraldehyde-formalin mixture appears to harden the
sediment better than 4% glutaraldehyde alone. After overnight
refrigeration, the sediment was post-fixed in 1% osmium, de-
Fig. 2. An electron micrograph of a proximal tubule cell from the
urinary sediment of aminoglycoside nephrotoxicity shows microvilli
(MV) and a large nucleus (N). Many mitochondria (M) are swollen and
devoid of cristae. In the luminal aspect of the cell, myeloid bodies
(arrow) are shown (UA + LC X4,800).
hydrated in alcohol solutions, and embedded in epoxy resin
(block) in a manner similar to that used for tissue preparation.
From the block, 0.5 p. sections were cut, stained with toluidine
blue and basic fuchsin, and examined with LM (Fig. 1). After
selecting the fields that contained the greatest numbers of cells
for study, thin sections (.02 to .O3p) were cut, mounted on
copper grids, and stained with uranyl acetate and lead citrate
(UA + LC), and then examined with a JEOL, JEM 100 cx, 1980
Electron Microscopy Unit (Peabody, Massachusetts, USA).
Findings were analyzed from 8 x 10 inch photographic prints.
The analyses were completed generally within 24 to 48 hr of
submission of the urine samples.
Electron microscopic analyses were made without knowl-
edge of the clinical data. Urinary cells were considered to be of
tubular origin if they contained abundant cytoplasmic orga-
nelles, particularly mitochondria, as well as microvilli and
endoplasmic reticula, as these features are not found in other
cells that might be anticipated in urinary sediment, specifically,
erythrocytes, leucocytes, bacteria, transitional and squamous
epithelial cells. Differentiation of RTC subtypes was attempted
by application of standard in situ criteria for identification of the
tubule site(s) involved [2, 3]. Transitional cells were character-
ized by the presence of bundles of intracellular filaments,
numerous vesicles, but few organelles.
Histopathological study of renal tissue. Renal tissue speci-
mens were obtained at autopsy from four subjects, by wedge
biopsy during surgery in one patient, and by percutaneous
needle biopsy in one patient. The specimens were studied using
LM and TEM in all except one instance, where it was examined
solely by LM.
Analysis of the data. Chi square analysis was used to test for
differences in the proportions among groups using a 0.05 level
of significance.
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Fig. 3A. This electron micrograph from the thick section shown in Fig. I reveals severely damaged mitochondria (M), nucleus (N), and
homogenously necrotic materials (MS). In the nucleus, disruption of the membrane is shown (arrow). The two very large interconnected structures
appear to be lipid droplets (L). Similar structures in the renal papillary interstitial cells of rats have been described elsewhere [5J. (UA + LC
x4,800). B This electron micrograph from the urinary sediment of patient #3 shows a tubule cell whose anatomical segment cannot be recognized.
The basement membrane is thinned out and disrupted (arrows), plasma membranes are fragmented, and the nucleus (N) has a disrupted membrane
and condensed chromatin. Much of the cellular contents apparently have been converted into a necrotic mass (M) (UA + LC x4,500).
Results
TEM of urinaly sediment. Urinary RTCs, displaying a range
of ischemic changes described fully below, were identified in all
31 patients with ATN. With the rare exception of an abundance
of leucocytes in infected urines, the major cell population
observed in urine sediments from these patients was of renal
tubular origin. On the other hand, the predominant cell types
found in the sediments of subjects without ATN were either
transitional epithelial cells or cells of extra-urinary tract origin.
Only transitional epithelial cells were seen in the urines ob-
tained from healthy individuals.
Urinary RTCs that were well preserved were almost in-
distinguishable from in situ tubule epithelial cells. In such
instances, it was possible to identify the nephron segment(s)
from which the cells under consideration had originated. This
observation is demonstrated best in a patient with gentamicin
nephrotoxicity in whom RTCs of clearly proximal tubule origin
were seen (Fig. 2).
Further analysis of TEM findings in sediments obtained from
patients with ATN permitted designation of three types, based
on the degree of ischemic change exhibited by the tubule cells
as outlined by Trump et al [4]. In the subdivision of these
sediments, emphasis was placed on the appearance of the
mitochondria and integrity of the cell membranes in the RTCs
that were visible. In greater detail, then, the sediments were
divided as follows. Type I sediment (N = 11) reflected a
homogenous population of severely damaged RTCs (Fig. 3A
and B). Sediments were classified as Type I if they contained an
abundance of uniformly necrotic cells and cellular fragments.
Plasma membranes were disrupted. Mitochondria were swol-
len, electron-lucent, devoid of cristae, and contained large
flocculent densities, referred to as amorphous dark bodies, that
are considered to represent irreversible cellular damage [4J.
Nuclei generally were not found, but when seen they showed
gaps in their membranes and condensation of chromatin.
Lysosomes were visible rarely.
Type II sediment (N = 8) reflected a homogenous population
of mildly damaged RTCs (Fig. 4). Sediments were classified as
Type II if they displayed a small but homogenous population of
modestly injured cells. Membranes encompassing the cells and
subcellular organelles generally were intact. Mitochondria ex-
hibited variable degrees of swelling, but otherwise were normal
in appearance. Nuclei and numerous lysosomes were observed.
Type III sediment (N = 12) reflected a heterogenous popula-
tion of variably damaged RTCs (Fig. 5A). Sediments were
classified as Type III if they displayed a heterogenous popula-
tion of cells that demonstrated findings seen in both Type I and
Fig. 4. This electron micrograph of urinary sediment from patient #12
shows a tubule cell with minimal damage. Mitochondria (M) are slightly
swollen, but generally the cristae are partially preserved. Lipid droplets
(L) and lysosomes (arrow) are shown (UA + LC x4,800).
II sediments. There was considerable intracellular variation in
the degree of mitochondrial injury in Type III sediments.
Recovery phase sediment. Urinary sediments obtained from
patients during the recovery phase of their illness generally
showed intact RTCs (Fig. 5B).
Histopathologic studies. Renal tissue specimens from two
patients (#1 and #6) showed atheroembolic disorder of the
kidney. In addition, one of them (#1) whose urinary sediment is
shown in Figure 3A exhibited focal cortical infarct and the other
(#6) showed diffuse ATN. Another patient (#3) whose urinary
sediment is shown in Figure 3B, demonstrated focal cortical
infarct and diffuse ATN. One patient (#4) showed diffuse
cortical necrosis. Two patients (#9 and #20) revealed diffuse
ATN and disseminated intravascular coagulation.
Correlation between TEM findings and clinical course. Com-
parisons were made between sediment types and clinical find-
ings in the patients with ATN. The clinical profiles of these
patients are shown in Table 1. The patients were categorized
according to sediment types. The median intervals of time
between the onset of ARF and urine collection (2 to 3 days)
were similar among the three groups of patients.
The relationships between the sediment types seen and the
various indices of the functional severity and clinical outcome
of the underlying renal disease are depicted in Figure 6. None of
the patients with Type I sediments, 88% of patients with Type
II sediments, and 50% of patients with Type III sediments were
nonoliguric. In addition, 88% of patients with Type I
sedimentswho survived beyond 48 hr of the onset of ARF
required dialysis support. On the contrary, only 13% of patients
with Type II sediments but 50% of patients with Type Ill
sediments needed dialysis. No patient with Type I sediments
recovered renal function, while all patients with Type II sedi-
ments and 67% of patients with Type III sediments recovered
renal function. Finally, only 18% of patients with Type I
sediments survived, whereas 88% of patients with Type II
Fig. 5A. Transmission electron micro graph of urinary sediment from
patient #22 shows a distal-like tubule cell. Nucleus (N) shows dissolu-
tion of nuclear chromatin, but it has an intact membrane and nucleolus
(arrowhead). The luminal membrane of the cell (large arrows) appears
to be intact. Some mitochondria (M) are severely damaged while others
are affected to a lesser degree (small arrow). Many rough-surfaced
endoplasmic reticula are clearly discernible (UA + LC x2,400). B
Transmission electron microscopy of urinary sediment from the same
patient (#22) during recovery shows an apparently normal distal tubule
cell. Nucleus (N) and mitochondria (arrow) are intact. Many prominent
rough-surfaced endoplasmic reticula (between arrows) can be seen (UA
+ LC x4,800).
sediments and greater than half of the patients (58%) with Type
III sediments survived.
Discussion
In this study we examined urinary RTCs by transmission
electron microscopy. Essentially, cells were identified as RTCs
if they possessed the major characteristic features that distin-
guish in situ tubule epithelial cells from other urinary cell types,
that is, abundant cytoplasmic organelles, particularly mitochon-
dna. A predominance of these cells in urine specimens obtained
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Table 1. Clinical profiles of patients with ARF
Serum
Patients creatinine
Sediment Age
Onset ARF to
urine collection base peak— Urine Dialysis Renal Duration of ARF
type No. years Sex Etiology days mg/dl output intervention recovery days
I 1 60 M Arteriography <1 1.4 6.4 0 Yes No 84
2 61 M AAA resection 72 2.0 16.8 A Yes No 92
3 58 M Septic shock <1 1.3 3.1 0 No No 2t
4 54 M Sepsis 63 NA 12.5 A Yes No 87
5 69 M Unknown 3 NA 12.0 A Yes No 90
6 68 M Arteriography 1 1.7 6.2 0 Yes No 8t
7
8
70
72
M
M
Hypotension
Sepsis
2
1
1.4 5.8
1.0 1.8
00 NoNo NoNo 4t2t
9 63 M Septic shock 20 2.6 7.2 0 Yes No 24t
10 53 M Sepsis 2 1.5 2.1 0 No No 2
11 21 M Septic shock 2 1.0 2.0 0 Yes No 2t
II 12 64 M Contrast, cardiac surgery 4 1.7 3.2 NO No Yes 14
13 55 M Hypovolemia 38 1.7 3.5 NO No Yes 66
14 71 F Contrast <1 1.5 3.5 0 No Yes 7
15 28 F Aminoglycosides 2 0.7 1.5 NO No Yes 14
16 23 F Aminoglycosides 5 1.0 2.7 NO No Yes 28
17
18
48
65
M
M
Arninoglycosides
Myocardial infarction
1
2
2.0 4.8
1.6 2.4
NO
NO
No
No
Yes
Yes
33
9 (13t)l
19 66 M Rhabdomyolysis 24 1.0 10.2 NO Yes Yes <180
III 20 74 M Sepsis 2 NA 10.6 A Yes No 14
21 53 M Arteriography 7 1.3 9.9 NO Yes No 68
22 71 M Rhabdomyolysis <1 NA 11.7 A Yes Yes 14
23 43 M Rhabdomyolysis 27 1.3 15.7 NO Yes Yes 64
24 66 M Arteriography 3 1.5 7.5 0 Yes Yes 42
25 64 M Hemorrhagic shock 3 1.1 5.5 0 No Yes 14
26
27
28
87
61
48
M
F
M
Hypovolemia
Sepsis
Aminoglycosides
<1
10
3
2.2 5.4
2.0 >6.5
0.5 1.7
0
NO
NO
No
Yes
No
Yes
No
No
7t
201t
29 58 M Aminoglycosides 3 1.4 2.9 NO No Yes 14
30 72 M Hypovolemia 7 0.5 2.3 0 No Yes l8t
31 63 F Sepsis 3 1.8 7.8 NO No Yes 17
Abbreviations: ARF, acute renal failure; M, male patients; F, female patients; AAA, abdominal aortic aneurysm; NA, not assessed; A, anuria
(< 100 mI/day); 0, oliguria (100 to 400 ml/day); NO, nonoliguria (> 400 mI/day).
a In patients who did not regain renal function, the number of days represents the time interval between either the end of the observation period
or death (t)
b Patient #18 regained renal function on day 9, but died from recurrent myocardial infarction on day 13.
from patients with ATN, in whom an accelerated loss of such
cells would be anticipated, provides support for the designation
of RTCs by the above morphologic criteria.
Interestingly, we found no cells of renal tubular origin in
sediments obtained from individuals without renal disease.
Thus we are unable to confirm the previously reported LM
findings of Rofe [61 and Prescott [7] of the appearance of
significant numbers of RTCs in the urine specimens of healthy
subjects. Although our findings must be considered prelimi-
nary, we would suggest that previous estimates of tubule cell
desquamation rates in normal subjects need to be re-examined.
When cells were well preserved, the nephron segment of
origin could be determined. For example, renal tubule cells
were qualified to be of proximal tubule origin if they showed the
presence of microvilli, since this feature differentiates proximal
RTCs from all others. It is of note that such cells were found in
urine specimens obtained from patients with aminoglycoside
nephrotoxicity, since it is known that the proximal tubule is
affected predominantly in this disease [8].
The urinary sediments of patients with ATN were subdivided
into three types, based on the severity of ultrastructural altera-
tions observed. The magnitude of changes seen in urinary RTCs
correlated directly with the severity of the clinical course, renal
recovery, and patient survival. The last correlation may be
interpreted to mean that the severity of ultrastructural changes
seen in urinary cells and mortality rates both reflect the severity
of the underlying disease.
The nature of the relationship between urinary RTC appear-
ance and clinical course is unclear at present. The RTCs may
reflect directly the severity of tubular injury. Alternatively,
these cells may undergo varying degrees of autolysis during
their transit through the urinary tract. It is likely that these
changes would be most pronounced in oligoanuric patients, and
since these patients tend to have the most severely affected
kidneys [9], the relationship between urinary RTC structure and
functional severity of the renal disease may be an indirect one.
The demonstration of a strong correlation between sediment
type and histologic appearance of the renal tissue in individual
patients would favor a direct relationship. Unfortunately, the
limited histopathologic material available to us was derived
solely from oliguric patients, and, therefore, we could not
distinguish between these possibilities.
Interestingly, we found close correspondence between the
renal histologic picture and the clinical course and outcome.
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Fig. 6. Relationships between the types of urinary sediments observed
and the indices of the functional severity and clinical outcome of the
underlying disease. Symbols: , patients with Type I sediments; m,
patients with Type II sediments; ., patients with Type III sediments.
Number of patients from each group included in each analysis is shown
within the bars. (P < 0.05)
This contrasts those authors who demonstrated structurally
well-preserved tubules in cases of functionally severe ATN
[10—12]. The unusually severe disease present in our pathologic
material, including three specimens exhibiting patchy, or dif-
fuse, cortical necrosis, may account for this disparity.
One of the reasons for the clinico-pathological dissociation
observed often in ATN is the possibility that a large proportion
of affected cells are sloughed from their basement membranes
into the urinary stream and are thus lost from view. Whatever
the underlying nature of the correlation between sediment type
and clinical manifestations of the underlying disease, transmis-
sion electron microscopy of the urinary sediment might serve as
a relevant indicator of the overall severity of tubular damage
incurred in ATN.
In summary, TEM technique in the study of urinary epithelial
cells is capable of distinguishing between renal tubule cells and
transitional epithelial cells lining the urinary tract. This tech-
nique can, in some cases, demonstrate the nephron segments
from which the cells originated and allows assessment of the
severity of damage. Thus, TEM of urinary sediment may be
auseful non-invasive technique to obtain information about the
severity of morphologic changes in the kidneys in patients with
ATN.
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